Abstract: A majority of large mammals from Amboseli National Park rely on group ranch wildlife dispersal areas for wet season dispersal. However, the contraction of wildlife dispersal areas around Amboseli may be increasing, but the extent is unknown. This study investigated the contraction of wildlife dispersal area by human infrastructure in OlgululuiOlolorashi Group Ranch, which surrounds over 90% of Amboseli Park. Global Positioning System (GPS) was used for location and Geographical Information System (GIS) was used for spatial analysis to determine the area occupied by the structures. The minimum distance of wildlife kept away from institutions was 275 ± 20 m, followed by bomas (214 ± 16 m), roads (163 ± 9 m), and livestock (192 ± 12 m). The minimum distance of wildlife from human infrastructure was used as an index of wildlife displacement. All infrastructure occupied an actual area of 66 km 2 (5%) of the group ranch. This increased to 281 km 2 (23%) with wildlife displacement. Of the area occupied by human infrastructure, fourteen settlement clusters (199 km 2 , 10.82%) were located. Bomas covered 10% of the group ranch area, followed by institutions (6%), roads (5%), and agriculture (2.13%).
INTRODUCTION
The presence of dispersal areas and migration corridors around protected areas is critical to successful wildlife conservation. Many protected areas are too small to independently support viable wildlife populations and therefore rely on surrounding areas to provide forage and water resources, breeding grounds, and mating opportunities [1, 2] . Within the Amboseli ecosystem in southern Kenya, over 80% of large mammals from Amboseli National Park enter the neighboring Maasai group ranches during the wet season [3, 4] . However, the park is increasingly insularized by human infrastructure, but the spatial and actual extend of this insularization in recent years has not been clearly known or documented.
increase in activities such as poaching, the exploitation of natural resources, and human-wildlife conflict leads to the constriction and degradation of wildlife habitats [5, 7, 8] .
The contraction of dispersal areas decreases the rate of migration of wildlife to and from protected areas, as many species are reluctant to use dispersal areas that have been altered by human settlement [9, 10] . The loss of dispersal areas limits the ability of a protected area to support viable, genetically diverse populations, rendering populations prone to inbreeding depression and local extinction due to stochastic events and competitive exclusion [11] . In Tanzanian parks, consequences of insularization of parks have been local extinction of species, which have been higher in smaller parks than in larger parks. Therefore, dispersal areas around Amboseli National Park are important in limiting the effects of the park's small size [10] .
The loss of dispersal areas around Amboseli is linked to recent changes in land tenure and land use in the Maasai group ranches [12] [13] [14] [15] [16] . Land tenure is an important consideration in environmental management and conservation, as it defines and regulates access to environmental resources [17] . The shift from communal land tenure to individual land tenure within the Amboseli ecosystem has contributed to environmental degradation and unsustainable use of natural resources within Amboseli National Park's dispersal areas affecting their ability to support viable wildlife populations [18] . The Land (Group Representatives) Act that governs group ranches was introduced in 1968 and was viewed as a compromise between individual ownership and the need for access to wider resources in the arid and semi-arid lands [17] [18] [19] .
However, the group ranches have largely been ineffective in advancing Maasai livelihoods and have instead heightened numerous social and ecological issues. For one, mismanagement by group ranch officials and group ranch subdivision has contributed to an increase in agriculture and human population and the loss of land for wildlife and livestock [20] . Subdivision of the group ranches may have negative implications for wildlife conservation. With the privatization of land, the people are likely to focus on shortterm economic interests at the expense of wider, long-term interests [18] . In addition, expansion of agriculture poses one of the most serious no threats to wildlife dispersal areas in the group ranches around Amboseli. Clearing rangelands for agriculture destroys habitat resources, and fencing farms limits the space available for wildlife movement. For every 1% reduction in ranch area, about 1.2% loss of wildlife is due to habitat loss [21] . In addition to destroying wildlife habitats, intensive agriculture results in degradation of critical habitats. For example, the Kimana and Ilchalai swamps to the east of Amboseli National Park once provided wet season water and grazing for wildlife, but today much of their water has been diverted to irrigate farms [6] .
Another significant consequence of inularization and extinction of species of Amboseli would be lost of tourism appeal, hence loss of tourism revenue. Amboseli is a popular destination for tourists, who are drawn by the large mammal diversity in the park [22, 23] . Each year, Amboseli attracts over 140,000 tourists and brings in over 150 million Ksh (US$2 million), which provides the financial means for wildlife conservation in the region [24, 25] . However, the future of Amboseli as a conservation area and tourist destination is threatened by the increasing contraction, degradation and zoo -like conditions due to continuous loss of dispersal areas in surrounding Maasai group ranches due to human activities and structures.
A greater understanding of wildlife distributions in relation to human activities around Amboseli National Park will reveal the dispersal status of Olgulului -Ololorashi group ranch and implications for Amboseli National Park. Studies in other group ranches in the ecosystem suggest that spatial arrangement of human clusters of activities may be a more universal threat than the actual space available for wildlife [7, 20] .
The specific objectives of the study were to: i)
Establish the area and spatial distribution of land available for wildlife and livestock through mapping the area occupied by human structures and activities in Olgulului-Ololorashi Group Ranch.
ii) Determine the average minimum distance that wildlife kept away from various human structures and activities, as an index of wildlife displacement by human activities.
iii) Identify the distribution of large mammal wildlife species in the group ranch, and in different habitats of the Group Ranch.
iv)
Examine the consequences of the findings on conservation efforts in the dispersal areas and make appropriate recommendations for successful wildlife conservation in the area.
STUDY AREA
This study was carried out around Amboseli National Park in the Olgulului-Ololorashi Group Ranch in the Loitokitok District of Southern Kenya during the wet season (November 2008 and April 2009), though the area was experiencing a drought. Olgulului-Ololorashi Group Ranch ( Fig. 1) borders Eselenkei Group Ranch to the north, Mbirikani Group Ranch to the northeast, Kimana Group Ranch to the southeast, and the Tanzanian international border to the south.
Olgulului-Ololorashi surrounds 90% of Amboseli National Park. Olgulului-Ololorashi group ranch covers 1232 km 2 . The remaining area in the district consists of individual holdings, mostly along the footslopes of Mt. Kilimanjaro to the south east of Amboseli National Park [26] . The group ranch was incorporated in 1975 as part of the government sponsored land settlement scheme of 1968 [19] . The group ranches have steadily increasing membership populations. In 2001, the group ranch had 3,418 members [19] . Pastoralism is the primary economic livelihood in the region and for most of the inhabitants of the group ranches.
Amboseli National Park is almost completely surrounded by Olgulului-Ololorashi Group Ranch, thus making it an important wildlife dispersal area for the park [19] . In 1947, the colonial government established Amboseli National Reserve from 3,260 km 2 of Maasai land [4] . In 1974, after heated political discourse, today's 392 km 2 Amboseli National Park was gazetted [4] . Amboseli is currently too small to support all of the wildlife that is currently in the 5,000 km 2 dispersal area [4] . During the dry season, wildlife congregates in Amboseli, where there are permanent swamps and disperses into the surrounding group ranches during the wet season when water and forage is plentiful [3, 4] .
Olgulului-Ololorashi Group Ranch is primarily a semiarid to arid pastoral land unsuitable for agriculture. Rainfall in the area follows a seasonal pattern of short rains, typically between October and December, and long rains between March and May. The study area around Amboseli National Park receives low rainfall of 500 mm or less [26] . The majority of lowland soils are dominated by saline sodic conditions and highly susceptible to erosion [27] . Due to the relatively recent volcanic activity, much of the Horizon A top soils are shallow and unproductive, more suitable for pastoralism and wildlife [28] . The plant communities of the Amboseli basin are dominated by bushland and open grassland. A typical composition of Acacia-Commiphora can be found throughout the region, along with a varying gradient of grassland to open woodland habitat. Species such as Acacia tortilis, Acacia xanthophloea, Azima tetracantha, and Suaeda monoica are represented within the lowlands [27] . Recent trends show reduction in the amount of woodland cover in most of the group ranches as bush encroachment takes place and both rainfed and irrigated agriculture expand [19] . Shift from nomadic pastoralism to sedentarisation by the Maasai, has led to severe rangeland degradation which has resulted in loss in range productivity and increased erosion [29] .
MATERIALS & METHODS
Assessment of the human infrastructure and activities in Ololorashi-Olgulului Group Ranch was done in the wet season in November 2008 and concluded in April 2009. Most of the mapping was done on foot, except for the mapping of roads, which was done in vehicles. For purposes of safety and area navigation, four research teams were accompanied by Kenya Wildlife Service rangers as well as local Maasai guides. Global positioning units (GPSmap 76CSx, 1999, Garmin Ltd) were used to determine the UTM coordinates of wildlife and human structures in the group ranch, including bomas, roads, institutions (public places such as churches, schools, hotels, administrative areas) and cattle watering areas and tanks. The shape and dimensions of each structure were recorded for the purposes of determination of the area covered.
The distance animals were sighted to the nearest different human infrastructure was considered an index of wildlife displacement of that human structure / activity. Even though mostly reliable, the weakness with this index was that it could have been biased with general animal density and distribution in the area; and it could vary depending on the time of the day; and animals could avoid the area depending on the activities and occupancy of those human structures. Nevertheless, it was considered a realistic and reliable index of wildlife displacement by human infrastructure. All spatial data was compiled in Excel 2002 (Microsoft Corporation, Troy, New York) and spatially analyzed using ArcViewGIS 3.3 (Environmental Systems Research Institute Inc., 1999).
Bomas
In this study, bomas were defined as individual structures or groups of structures erected for living purposes by the Maasai. Traditional bomas are generally surrounded by a fence of Acacia branches and consist of housing units that surround a central livestock pen. All bomas within the study area were mapped based on land surveys and on knowledge of local guides. The status of use of the bomas was assessed as occupied, unoccupied, abandoned, or new. Occupied bomas were defined as those with current residents, unoccupied bomas were in use seasonally but had no current residents, abandoned bomas were no longer in use, and new bomas were either recently completed or in the process of completion and were not yet inhabited. The shape of each boma was also recorded as a circle, oval, rectangle, or irregular, so that area could be calculated.
Within each boma, the total number of housing structures was recorded and the permanence of each of the structures in the boma was classified as permanent, semi-permanent, temporary, or incomplete, based on the dominant construction materials. Permanent units had foundations of concrete and metal or iron (tin) roofs, and the walls were constructed with wood or brick. Semi-permanent units had metal (tin) roofs but lacked concrete foundations, and the walls were made of either mud or of wood. Temporary units had grass roofs, mud walls, and no concrete foundations. Temporary structures that had been partially destroyed but were still standing were classified as temporary. Incomplete units were defined as structures in the process of being constructed within a boma. Units that were no longer standing were not counted or classified.
Global Positioning Systems (GPS) were used to determine the location of each boma by taking the GPS coordinates of the center point of the boma. The dimensions (in meters) of each boma were recorded based on subjective fitting of a polygon and the appropriate dimensions used to calculate the respective areas. Where the structure was irregular multiple GPS points were recorded around the perimeter of each boma and the points into ArcView for area calculation.
Other Structures and Agricultural Areas
Other structures were defined as those constructions, excluding bomas and roads, and included schools, churches, hotels, water tanks, fences, and other structures, as well as agriculture. Agricultural infrastructure consists of smallscale or large-scale farming. Similar procedure for determining the location and area of the boma described above was used for the institutions and agricultural areas.
Roads
Roads were mapped by driving their length to establish their spatial location and area. For each road, GPS coordinates were recorded at every 1 km, with increased frequency of recording when the road curved. At each point, the width of the road was also estimated. The length of each road was calculated from GIS spatial analysis. Based on the width and length, the area of each road was calculated. Roads were identified based on destination (regions connected) and were classified as main, major, or minor roads. A main road was wider than 8 meters, a major road between 2 and 8 meters wide, and a minor road less than 2 meters wide.
Wildlife Large Mammal Distribution
The primary purpose of wildlife large mammal sightings in this study was to determine the distribution in relation to the human structures and activities, and also the displacement effect of human structures and activities, rather than to determine wildlife distribution and density. Although wildlife data was collected throughout the mapping process, several days were dedicated exclusively to collecting data on wildlife. When possible, hills were used as vantage points where the research team scanned for wildlife using binoculars. Researchers walked to where wildlife had first been seen and took a GPS locative. Wildlife counts were done when wildlife was encountered. Most of the area was searched for wild large mammals. When wildlife was sighted, the species was identified, distance to the nearest human structure recorded, and the group size (number in the group as an index of abundance) determined.
For each wildlife group, the habitat it was located in was also classified as open or dense woodland, bushland, shrubland, or grassland. Open habitat referred to any habitat where maximum visual distance is at least 100 meters, while dense habitat referred to any habitat where maximum visual distance is 100 meters or less. Woodland consisted of woody vegetation taller than 10 meters, bushland between 6 and 10 meters, and shrubland less than 6 meters, while grassland consisted of only grass and herbaceous vegetation. .
The distance from the wildlife to location of each type of human structure and activity (bomas, infrastructures, livestock, or roads) within binoculars sighting distance (about 500 km to 1km) was determined by a range finder from the position where the wildlife was first sighted at. It was assumed that human activities at a distance greater than 500 meters did not affect wildlife location. If the wildlife was in proximity to more than one of a certain type of structure or activity, only the distance to the nearest structure or activity was recorded as an index of wildlife displacement. If there were livestock in proximity to the wildlife, the species of livestock was recorded as cattle, donkeys, or shoats (sheep and goats) and the group size of the livestock was recorded.
It was assumed that all the animals within viewing binoculars range were seen. Structures and activities far away outside visible range of binoculars were ignored. Depending on the cover, this may not have been correct, but a feel from the field provide some confidence that such an error was not so large to affect conclusions of this study. Further, it was assumed that all large wildlife seen were counted accurately, and the field work was done in such a way as to minimize both this location and count errors once animals were encountered. All large mammal species (primates and mammals larger than a dik dik, Madoqua kirkii Gunther) seen were recorded and the nearest (minimum) distance of wildlife from the point of initial location to the nearest different type of human infrastructure (whether agriculture, road, institution, homestead) was estimated using a Rangefinder (Bushnell® Laser Rangefinder, Yardage Pro™ 400, Bushnell Corporation, USA).
Further Data Analysis
GPS coordinates for bomas, agriculture, roads, institutions, and wildlife were input into Geographical Information Systems (ArcViewGIS 3.3 for Windows, Environmental Systems Research Institute Inc., 2005). Using the GIS areas of the irregular structures was determined and the spatial distribution of all the structure shown. Potential wildlife dispersal routes were identified based on the distribution of these clusters and wildlife distribution pattern. SPSS computer program (version 9.0 for Windows, SPSS Inc., 1999) was used for statistical analysis. The statistical tests were considered significant at alpha (type I error) of 5% [30] .
Standard mathematical formulae for circles, squares and circles were used to calculate areas of agriculture, bomas roads, and intuitions whose field geometrical shapes approximated the shapes of circles, rectangles and squares respectively. For irregular shape whose area could not be determined using these standard formulae, their area was determined from GIS program once the shapes were spatially drawn in the program. The total actual area and the area of wildlife displacement (with additional buffer added on their shapes in GIS program based on minimum average distance of wildlife large mammals from those structures) were computed for bomas, roads, and institutions in OlgululuiOlolorashi Group Ranch. The actual area and area with displacement were calculated for bomas, institutions, agriculture, and roads. Proportions of total areas and areas of displacement were calculated based on the area of the group ranch. A magnification factor was the number of times an area of an infrastructure inclusive of wildlife displacement was higher than the actual area occupied. Cluster areas and locations were delineated using GIS program by constructing the best polygon fit that lumped all closely located human structures and activities.
Average and standard errors were calculated for average minimum distance from wildlife large mammal distances to different types of bomas, different types of institutions, different types of roads, and to each livestock species. Averages and standard errors were also calculated for dimensions and areas of different types of bomas, number of different types of structures in each boma type, width of different types of roads, and group size of common wildlife species in different habitats.
Analysis of Variance (ANOVA) was conducted to determine differences in the average minimum distance of wildlife among boma types, road types, livestock species, and habitats (for distance to livestock only), and among all types of human activity (bomas, institutions, roads, and livestock) [30] . ANOVA tests were also used to determine differences in mean radius of boma types, average number of structures among bomas types, and width of road types. If results of the ANOVA reported significant differences in data (alpha < 0.05), a multiple variable Tukey (HSD) test was used to determine the significance of differences between all pairs of parameters. When comparing wildlife mean distances to occupied and unoccupied/abandoned bomas, Welch's approximate t-test was used to test for significant differences between the two distances [30] .
The relationship between livestock group size and average minimum distance of wildlife to livestock was analyzed using a Pearson's correlation to establish the strength of the relationship between these variables. Nominal scale data on wildlife species and habitats was analyzed using enumerative statistical methods. Chi-squared goodness of fit test was used to identify significant differences between frequencies and abundances of common species across habitats. Chi-square cross tabulations were used to determine whether frequency and abundance of different species were independent of habitat type [30] .
RESULTS
All human structures and activities were distributed throughout the group ranch (Fig. 2) , and occupied a total actual area of 65.57 km 2 (5.32%) of Olgulului -Ololorashi Group Ranch (Table 1) . With wildlife displacement, the area taken increased about five times to 281.03 km 2 (22.82%), leaving about (77.18%) of the group ranch available to wildlife. Wildlife kept off from most human infrastructure and activities (Fig. 2) . Wildlife maintained the greatest minimum distance from structures, followed by bomas, livestock, and finally roads ( Table 1) . The difference in distance wildlife maintained from these human structures/activities was significant (F=10.71, df=3, 614, p<0.001). The difference was between institutions and bomas (p=0.02), institutions and livestock (p=0.002), and institutions and roads (p<0.001). Wildlife kept away further from occupied bomas followed by abandoned / unoccupied and lastly new ones ( Table 2) .
Multiple human activities were concentrated in 14 clusters in the group ranch (Fig. 4) . These clusters occupied a total area of 199.25 km 2 (10.82% of the group ranch), leaving about 89.18% of land outside them. The largest clusters were the Kilimanjaro Rain-fed Agricultural Cluster (2.62%), Lalakiri (1.85%), and Olgulului (1.63%). Other clusters are located mostly around Amboseli National Park were Mishenani Gate, Serena Lodge Area, and cultural bomas to the southern part of the Park. Clusters along the northern part of the park were small (Fig. 4) , but in close proximity to each other. There were only 3.28 km between Mishenani Gate and Iltemwa, 2.84 km between Iltemwa and Naor-Enkare, and only 3.63 km between Naor-Enkare and Risa-Enchankla. This proximity left narrow wildlife dispersal and migration routes (Fig. 4) which would close up on the future if they expand.
There were 593 total bomas identified in OlgululuiOlolorashi Group Ranch ( Table 2) . Some were occupied, Fig. (2) . Spatial location of all human activities/structures in Olgulului/Ololorashi Group Ranch. abandoned, temporary or new. The majority of bomas were occupied (60.54%), followed by unoccupied/abandoned (34.41%). Further, the occupied bomas were larger (in terms of radius) followed by unoccupied / abandoned and lastly new ones ( Table 2 ). The presence of new bomas in the group ranch (4.05%) indicated that the number of bomas was either increasing or that old ones were being abandoned for new ones ( Table 3) .
Bomas had various housing structures of different types. Some of the structures were permanent, semi -permanent, temporary, or incomplete. The average number of structures per boma was 7.33 ± 0.30), and highest in occupied followed by unoccupied / abandoned and lastly in new bomas ( Table  3) . Further, the highest average numbers of structures were temporary followed by semi -permanent and lastly permanent structures ( Table 3 ). The majority of structures were temporary (81.67%), followed by semi-permanent (7.20%), and permanent (2.36%). The presence of new incomplete structures within bomas (9.08%) was an indication that boma sizes were expanding ( (Fig. 4) . There was no wildlife sighted close to the rainfed agriculture on the slopes of Mt. Kilimanjaro, implying displacement beyond viewing distance.
There was a road network of 18.41 km length traversing though the entire group ranch (Fig. 3) . Roads covered an actual area of 1.25 km 2 (0.102%) in Olgulului-Ololorashi Group Ranch (Fig. 3) , but with wildlife displacement distance, the area increased over 50 times to 63.19 km 2 Fig. (3) . Wildlife large mammals kept off more from cattle followed by shoats and donkeys.
The average wildlife group size of wildlife large mammals across habitats was 6 ± 1. Larger group sizes were found in open habitats than in dense habitats. There were a total of 911 wildlife groups that comprised 5,405 individual large mammals sighted in all habitats (Fig. 4) . Wildlife frequency was greatest in open shrubland, with 57.41% of the sightings, followed by grassland (19.43%) and dense shrubland (10.21%). Wildlife abundance was greatest in open shrubland (55.86%), followed by grassland (24.20%) and dense shrubland (6.44%). Species abundance was dependent on habitat type ( 2 =365.27, df=15, p<0.001). Similarly, species frequency of occurrence was also dependent on habitat type ( 2 =55.94, df=15; p<0.001).
DISCUSSION
Although human infrastructures occupied a relatively small actual area in Olgulului -Ololorashi Group Ranch, wildlife was displaced from over a quarter of the group ranch. The large scale increase in the actual and wildlife displacement areas by human developments indicates that effects on wildlife are not simply due to the actual area occupied by the development. The developments are hubs of human activities [31] . The effects of the developments to wildlife are exemplified by human hostility and resource competition depending on their size and distribution [4, 32] . Effects of human activities on wildlife space are most severe if a larger area of the dispersal area is covered and when activities (such as snaring for bushmeat, harassment, and persecution of wildlife) discourage wildlife from coming in close proximity with human dwellings [33] [34] [35] . These hostile actions against wildlife are magnified if human hub locations (such as agriculture areas, roads, bomas, social amenities) are distributed throughout the dispersal areas, hence negatively affecting wildlife in much larger area
In some Maasai group ranches within the the Amboseli ecosystem (such as Mbirikani and Kuku) the land still available to wildlife comprises over 75% of the group ranch [20] . But some, like Kimana Group Ranch, have about half of land still available to wildlife and have settlement clusters poorly oriented within wildlife movement corridors [8] . This is further complicated when there are several clusters oriented in the same way and growing towards each other as is the case of Olgulului -Ololorashi Group Ranch. The presence of new Maasai bomas among the human settlement clusters clearly indicates that the settlement clusters were expanding. The Maasai settlement pattern tend to be clustered along critical resources such as transport (along roads), near fertile areas for cultivation, and along rivers and swamps [36] . The effect of the bomas depends on the degradation level, how long they stay in an area and how long they take to recover. Displacement may occur when they are occupied, but when abandoned the rate of Fig. (4) . The potential migration and dispersal routes used by wildlife among areas of multiple human structures/activities in Olgulului/Ololorashi Group Ranch. disintegration and breakdown produces a rich fertile spot for vegetation regeneration and succession that become a focal point for wildlife use [37] . But where there is permanent settlement especially as a result of group ranch subdivision, the resulting wildlife displacement may be permanent, hence making this the single most important threat to the viability of a protected area [38] .
Wildlife displacement by occupied bomas was significantly greater than displacement by unoccupied/ abandoned bomas, which indicates that level of human activity influences the minimum distance that wildlife keeps from bomas, most likely because they are used year-round hence continous wildlife disturbance. Although all of the structures observed in abandoned bomas were temporary and will eventually decay, the building materials for these structures were usually harvested from the surrounding area, reducing the available wildlife forage. Establishment of bomas also involves vegetation clearing, extraction for fuelwood needs, charcoal burning, medicinal purposes, and construction materials [39, 40] . Furthermore, trampling by livestock leads to soil compaction and loss of vegetation cover [41] , making such areas undesirable for wildlife. However, this is only permanent and most serious where such human activities are permanent, but with sufficient rainfall, vegetation is likely to recover in one season and make up for resource use and this temporary degradation.
No wildlife was seen close to the agricultural cluster. Agriculture displaces wildlife through increased humanwildlife conflict, as farmers spear, poison, or snare wildlife in retaliation for crop damage or for bushmeat [34] . In the area around Amboseli National Park, irrigation -based agriculture was confined to a small area within the Namelok fence, where, water resources are heavily extracted for water, and do not allow it to flow outside the fence for wildlife use [20] hence affecting wildlife use of range and distribution [3] . While, the rest of Olgulului-Ololorashi Group Ranch is unsuitable for agriculture due to limited rainfall and poor soils, it seems that rainfed agriculture on the slopes of Mt. Kilimanjaro is spreading down into the rangelands of Olgulului -Ololorashi Group Ranch [19] and is an immediate threat to the wildlife range. Further, even though electric fencing around agriculture is designed to eliminate human-wildlife conflict in agricultural areas, electric fences displace human-wildlife conflict to other areas rather than resolve them [20, 42] . Fences also encourage settlement and growth of markets around the fences, as was observed in Namelok [20] . Fences can also lead to local species extinction by excluding wildlife from key watering points [38, 42] and inhibiting wildlife movement.
Although roads occupied less than two square kilometers, they had a large effect on wildlife displacement because of the large network and distributed throughout the group ranch. Tourists traveling to and from Amboseli National Park make extensive use of the two main roads to the park, but due to light human and vehicle traffic within the group ranches, other roads are not as used. However, large trucks use these other roads in search of infrastructure construction materials (murram, ballast, and rocks) and for transporting water to bomas. Most of the roads were poorly maintained and were prone to erosion and flooding, which has led to the creation of a large network of unnecessary parallel minor roads that degrade the rangelands. In Mikumi National Park in Tanzania, several wildlife species were frequently found 600 m from a major transnational highway [38] . Therefore, the width of the road may not necessarily be the best predictor of its use, but in combination other factors such as road kills, wildlife harassment, degree of fragmentation, frequency and intensity of use.
Livestock does not permanently displace wildlife, but compatibility with wildlife conservation and sharing of range resources is dependent on various factors [43] . In this study, wildlife maintained a smaller distance to livestock than to human structures. Livestock may only be compatible with wildlife use of range if resources are abundant, if foraging strategies and habitat use are not competitive and if livestock is not accompanied by bell noises and wildlife harassment from its herders [4, 36, 44] . Livestock can displace wildlife through competitive exclusion. Wildlife kept the greatest distance from cattle, compared to shoats and donkeys possibly because cattle compete with bulk grazers for forage [36] . Furthermore, cattle are in larger groups, are more frequently accompanied by humans, and often have loud bells [13, 45] .
Maintaining habitat diversity is important because species have different requirements, and heterogeneous habitats provide a greater number of niches [46] . If habitats are lost or homogenized, local species extinction may occur because species are unable to adapt or are driven to extinction by competitive exclusion. Wildlife was most often found in open shrubland, which may be related to the fact that the study area mostly composed of open shrubland. Open shrubland provides a variety of niches for browsers and grazers, and provides thermal cover, and nesting cover [20] . The high percentage of wildlife sightings in the grassland can be attributed to the fact that the majority of wildlife species observed were grazers [47] . Also, large wildlife groupings occur in the grassland because many plains grazers form large herds. In addition, large number of sightings in open habitats, including grassland, open shrubland, and open bushland, may be attributed to higher visibility in these habitats. The dispersal areas must not just present open space for wildlife use, but also quality habitat [46] . Habitat influenced both species group size (abundance) and presence for most observed species of wildlife.
Species-habitat relations must be considered individually when evaluating the status and condition of potential dispersal areas, as species have different ecological needs [46, 48] . Several species, including the lesser kudu (Tragelaphus inberbis Blyth) and gerenuk that are rarely found within Amboseli National Park occurred within the group ranch most likely due to the high habitat diversity within Olgulului. A special effort should be made to understand the habitat needs of endangered, keystone, and flagship species found in the group ranches, such as the cheetah, lions and elephants and analyze the species range beyond the confines of the relatively smaller sized Amboseli National Park. Wildlife dispersal into group ranch areas is critical in supporting the emerging community conservation areas [49, 50] and relieving Amboseli National Park the pressure of large animal biomass. Tourism can be encouraged in the private protected areas that allow unique tourism events (such as hiking, horse riding, night game drives, and cultural interactions with the Maasai) that are not allowed in Amboseli National Park [51] .
CONCLUSIONS AND WAY FORWARD
The findings and implications of this study are important in understanding the danger of insularization of Amboseli National Park. Urgent initiatives are needed if the Maasai group ranches are to remain viable wildlife dispersal areas. The expansion of clusters of human settlement and activity around the park could potentially close the existing wildlife movement routes into and out of the park. These dispersal areas are important in providing feeding and breeding sites, limiting resource competition, and maintaining genetic health of populations [10, 52] . Without these dispersal areas, the health of wildlife populations within Amboseli will likely diminish due to inbreeding and increased vulnerability to demographic and environmental stochasticity [11] . Species with specialized diets, large home ranges, and reliance on other species will be particularly susceptible to local extinction if the dispersal areas around Amboseli become blocked [53] . Within the Mara-Serengeti ecosystem in Kenya, considerable land cover change due to human activity has led to a >50% decline in wildlife numbers in 20 years, while wildlife numbers have remained constant in the Tanzanian dispersal areas, where land cover change has been negligible [54] . A land use plan, co-developed by local communities and the ecosystem stakeholders, should restrict land uses that are incompatible with local ecology and culture [13, 14, 20, 33, 55] . The development of permanent structures and infrastructure should be confined to a few designated clusters. Agreements could be made between landowners and conservation stakeholders to designate certain areas as wildlife/pastoral zones, which would be binding upon successive owners [17] . The land owners should be empowered to participate in conservation through awareness, enactment of transparent benefit system and participation for them to view wildlife as viable land use option.
Economic incentives for conservation are critical in developing rural communities, where conservation cannot be justified for aesthetic reasons [56, 57] . Revenue sharing between the Kenya Wildlife Service (KWS) and group ranches has yielded mixed results due to mismanagement and inadequate payments, but a revival of this program may foster an improved relationship between the park and the group ranches [58] . Throughout the group ranches now, ecotourism investments have provided income and employment opportunities, which have led to improved infrastructure and more positive local attitudes towards wildlife [59] . However, this should be managed to reduce exploitation of the local communities and improve equitable distribution of tourism benefits with investors. Conservation organizations may lease land at market prices from landowners or group ranch members so that it may be set aside for wildlife [20] . Other than land leases, consolation schemes and other wildlife conservation cost -deflecting mechanisms to the local communities [60] currently being undertaken should be improved within the Amboseli Ecosystem. Community wildlife conservation areas have the potential to bring tourism revenue to local people, so long as they are properly designed, supported by communities and leaders, and economically viable [44, 49] . For example, the Kimana Community Wildlife Sanctuary earns members of Kuku Group Ranch over Ksh 7 million annually [51] . A similar community conservation area has been proposed in Kuku Group Ranch [49, 51] . These conservation areas should be linked to each other and to Amboseli National Park so as to protect key wildlife dispersal areas and corridors. Finally, people living in the dispersal areas should be compensated not only for wildlife-related injury but also property damage, including predation of livestock and crop raiding, so that people do not resort to retaliatory killing of wildlife [33] .
Complementary research should examine the actual use of the identified wildlife dispersal areas and potential routes. The role of rangeland degradation in displacement of wildlife in the ecosystem [61] should be studied and remedies suggested. Studies on habitat availability and suitability, and selection by key wildlife species need to be undertaken. Finally, trends in human population and development, and monitoring of human settlement cluster expansion around Amboseli should be consistently done so that appropriate recommendations can be made to limit the effects of development on wildlife dispersal areas. The ongoing process of establishing community owned conservations areas outside Amboseli National Park can benefit from studies like this so as to ensure that the sites chosen complement the long term goals of managing wildlife in the Amboseli ecosystem.
